Background--We wanted to explore the association of metabolic syndrome (MetS) versus its individual components with 20-year all-cause mortality among patients with stable coronary artery disease.
T he effect of the metabolic syndrome (MetS) in subjects without established cardiovascular disease is well established, including increased noncardiovascular morbidity and general mortality. [1] [2] [3] [4] [5] [6] [7] Moreover, each of the independent components of the MetS has also been associated with an increased risk of cardiovascular events and mortality, with a variation in the magnitude of these relationships among the different individual components. 4, [8] [9] [10] [11] In contrast to the clear association of MetS as an important risk factor for cardiovascular disease and mortality in subjects without coronary artery disease (CAD), several studies found no significant association, [12] [13] [14] [15] or even a possible protective effect ("the obesity paradox phenomena"), in patients with CAD. 16 A recent large meta-analysis, including 18 457 patients' data, showed that MetS was associated with an increase in all-cause mortality only in patients with acute coronary syndrome and only after revascularization (not in patients with stable CAD). 17 To confound matters further, controversy exists about the assumption that MetS is useful in predicting mortality beyond its components. [13] [14] [15] The prognostic importance of MetS compared with that of its individual components has repeatedly been challenged. Several studies argued that not all individual components of MetS contributed to the increased risk of all-cause mortality. [13] [14] [15] This risk was significantly predicted by impaired fasting glucose (IFG) in all subjects, as well as by IFG and low high-density lipoprotein (HDL) cholesterol in women among an Italian population. [18] [19] [20] Furthermore, the follow-up period in most studies about MetS or its components and mortality prediction in patients with CAD is <3 years. 12, 17, [21] [22] [23] [24] Most studies explored cardiovascular mortality rather than all-cause mortality as the primary outcome. 12, 17, [21] [22] [23] [24] Accordingly, in the present study, we aimed to do the following: (1) determine the independent association of the MetS components, as defined by the National Cholesterol Education Program criteria, with long-term, 20-year, all-cause mortality among nondiabetic patients with stable CAD; and (2) compare the mortality risk associated with MetS without the IFG component with risk conferred by IFG alone without MetS.
Methods

Study Population
The present study population was composed of patients who were screened for participation in the Bezafibrate Infarction Prevention (BIP) trial from February 1990 to October 1992 and enrolled in the BIP Registry. The design and rationale of the BIP Registry and study were published previously. 25, 26 Of the 15 524 screened patients, only 3090 (20%) were randomized in the prospective interventional 6-year BIP study that compared bezafibrate with placebo. Because the intervention period ended >15 years ago, we decided to include these subjects in our analysis cohort. Briefly, the BIP Registry included 15 524 patients, aged 40 to 74 years, with stable CAD fulfilling 1 of the following inclusion criteria: (1) documented myocardial infarction (MI) in the previous 5 years; (2) symptomatic stable angina pectoris and either positive myocardial ischemia by radionuclear scintigraphy or ≥60% stenosis of 1 or more of the major coronary arteries, demonstrated by coronary angiography; (3) documented percutaneous coronary intervention or coronary bypass surgery in the preceding 6 months. Exclusion criteria included the following: insulin-treated diabetes mellitus (DM), severe heart failure (New York Heart Association functional class, >II), unstable angina, hepatic (glutamate pyruvate transaminase GPT, more than twice the normal value) or renal (creatinine, >1.5 mg/dL) failure, and current use of lipid-modifying drugs.
All medical examination and biochemical blood test results, historical medical data, and data on drug therapy were prospectively recorded; all vital signs were measured.
Patients were defined as diabetics on the basis of their medical record diagnosis, as prospectively coded at study enrollment, or if they were prescribed hypoglycemic medications. The same method was applied to the definitions of hypertension, smoking status, and other elements of the medical history.
For the purpose of this study, we excluded all the patients diagnosed as having DM (n=2959 [19. 2%]) or patients missing laboratory values (n=21[0.13%]); the final data set for the current study comprised 12 403 patients.
The study was approved by our institute's internal review board and was performed according to the principles expressed in the Declaration of Helsinki and the ethics policy of the institute.
The BIP study group was responsible for the enrollment of the patients and the collection of data. The prospective data collection, including mortality status, was performed with the help of the Israeli Association for Cardiovascular Trials. 
MetS Definitions
Group Distribution
To examine the effect of IFG with or without MetS on longterm mortality outcome, we divided our study cohort into 4 groups: (1) 
Laboratory Methods
Detailed data on the laboratory methods were given in a previous report. 33 Briefly, blood samples were drawn after at least 12 hours of fasting. Cooled samples, collected in the 18 participating centers using standard equipment and procedures, were transferred to the study's central laboratory. All analyses were performed on a random access analyzer using diagnostic kits.
Primary End Point
The primary end point of this study was all-cause mortality. Mortality data were obtained by matching the patients' identification numbers with their vital status in the National Population Registry of Israel. Each match record was checked for correct identification by matching the study recorded date of birth during enrollment with the date of birth stored at the national registry.
Statistical Analysis
Variables are expressed as meanAESD or median and interquartile range. Categorical data are summarized as numbers and percentages. The demographic characteristics, clinical characteristics, and laboratory values of patients at baseline, according to the 4 prespecified groups, were compared with the use of the 1-way ANOVA test for continuous variables and the v 2 test for categorical variables, along with Z-test with Bonferroni correction. ANOVA post hoc multiple comparisons were performed using the least significant difference or Dunnett T3 test, as appropriate, after equal variance assumption verifications. Kaplan-Meier survival analysis was used to graphically present survival estimates of subjects among the 4 different groups. The subsequent long-term survival probability was compared using the log-rank test. Additional Kaplan-Meier survival estimates were generated to compare patients with 1 to 4 components of the MetS, excluding IFG, with the same respective number of components, including IFG (ie, 1 component, excluding IFG, versus IFG alone; any 2 components of the MetS, excluding IFG, versus IFG plus 1 other component). The survival results are presented in the form of a bar graph figure.
Multivariable Cox proportional hazard regression modeling was used to assess the independent risk associated with each component of the MetS (IFG, low HDL, elevated blood pressure [National Cholesterol Education Program definitions], triglycerides >150 mg/dL, or BMI >30 kg/m 2 ). The following covariates were introduced using the best subset method, following a univariable analysis of all relevant variables: age, sex, serum creatinine, hypertension, heart failure, previous MI, or past cerebrovascular accident, together with all the components of MetS. Best subset components were selected using adjusted R 2 and Mallows'
Cp. Finally, a Cox proportional model was run to evaluate the additive contribution of MetS and IFG on 20 years' mortality. The MetS9IFG interaction was added to the previously described model to explore multiplicative effect (ie, whether the presence of 2 factors together has a greater impact). The results were shown as a survival function diagram, presenting the value of the cumulative survival function for a given time (namely, the probability of survival to that time period calculated on the basis of the Cox proportional adjusted hazard model).
The proportionality of hazard assumption was verified using Schoenfeld residuals and the log minus log method. We additionally performed a sensitivity analysis excluding subjects randomized to the BIP randomized study (n=2808).
Statistical significance was accepted for a 2-sided P<0.05. The statistical analysis was performed with SPSS version 20.0 and SAS version 9.2.
Availability of Data and Material
The data sets during and/or analyzed during the current study are available from the corresponding author on reasonable request.
Results
On the basis of the criteria of the National Cholesterol Education Program, 5245 patients (43%) had MetS, of whom almost no subjects with obesity (2%) or hyperglycemia (5%); however, they were slightly older and included more male patients than the other groups (Table) .
Long-Term Mortality in the 4 Patient Groups
Kaplan-Meier survival analysis ( Figure 1A ) showed that at 20 years of follow-up, the all-cause mortality rates were the highest among patients with MetS and IFG (66% in the METS + IFG + group) and the lowest among patients without group; 61% versus 56%; log-rank P<0.001) ( Figure 1B) . Notably, separation in event rate curves between patients with and without IFG appeared after 5 years and was sustained thereafter ( Figure 1A) . (Figure 2 ). Finally, we performed Cox proportional hazard modeling, including interaction term analysis, by the introduction of the IFG-by-MetS product. This analysis demonstrated that the effect of MetS (HR, 1.13; 95% CI, 1.1-1.16; P=0.02) and IFG (HR, 1.54; 95% CI, 1.46-1.62; P<0.001) on 20 years' mortality is nonmultiplicative and independent (P=0.69 for interaction). According to this adjusted Cox model, the worst survival mean was seen among the MetSÀIFG+ group. Consistent results were obtained when subjects randomized to the interventional BIP trial (n=2808) were excluded. 
MetS or IFG (53% in the METS
Mortality Risk Associated With Individual Component of the MetS
In univariable analysis, the presence of any individual component of the MetS was found to increase risk for longterm mortality compared with the remaining study population. However, after multivariable adjustment, only IFG and BMI remained significantly associated with increased mortality risk ( Figure 3) . IFG was associated with the most pronounced increase in mortality risk among the individual components (HR, 1.22; 95% CI, 1.14-1.3; P<0.001). BMI >30 kg/m 2 was also significantly associated with increase in long-term mortality (HR, 1.13; 95% CI, 1.02-1.24; P=0.014), whereas all the remaining components were not significantly associated with all-cause mortality risk ( Figure 3 ). Additional independent predictors for long-term mortality included increased serum creatinine, the presence of advanced heart failure symptoms (New York Heart Association, >2), and a history of MI (Table S1 ).
Subgroup Analysis Among Patients With MetS
We further performed a subgroup analysis that included only patients with MetS who were enrolled in the BIP Registry. In this patient subset, Kaplan-Meier survival analysis showed that patients with MetS with the IFG component have a Hazard Ratio 95% CI lower-upper P-value Figure 3 . Independent all-cause mortality risk predictors in nondiabetic patients with stable coronary artery disease with respect to the entire cohort. BMI indicates body mass index; BP, blood pressure; CI, confidence interval; HDL, high-density lipoprotein; HR, hazard ratio; and IFG, impaired fasting glucose.
greater mortality risk than patients with MetS without the IFG component but the same number of components ( Figure 4) . For example, patients with MetS with 2 components other than IFG had lower mortality probability compared with patients with MetS who had 2 components, 1 of them being IFG (52% versus 67%; log-rank P<0.001).
Discussion
In the present study, we provide several novel insights into the relationship between MetS and its component association with 20-year all-cause mortality among nondiabetic patients with stable CAD. First, we demonstrated that IFG presence is associated with increased mortality risk compared with the reference group without MetS or IFG (METS À IFG À ), whereas MetS without the IFG component had a less pronounced effect (8%; P=0.11). Results were consistent in univariable and multivariable analysis. Second, of the different components of MetS, IFG was associated with 22% independent greater mortality risk compared with absence of IFG after adjustment to other MetS components and to comorbidities (Figure 3 ). Finally, we have shown that the independent risk associated with IFG (69% greater adjusted mortality risk) was greater than the combined risk of all the other 4 components (52% greater risk) (Figure 3) . Therefore, in the population we studied, the primary risk-driving factor is the presence of IFG; the addition of risk factors to IFG further increases the long-term mortality risk, yet in the absence of IFG, the mortality risk is attenuated.
The obligatory requirement of the presence of (at least) 3 risk factors leads to the loss of the significance and the predictive value of some risk factors entirely and from others in part. [34] [35] [36] A recent Chinese study, published by Sun et al, found that MetS did not predict all-cause mortality above and beyond 2 of its individual components (namely, hypertension and IFG). 18 However, this study included a relatively small cohort (n=1535) with mostly patients without cardiovascular disease. Our study extends these observations. Despite the fact that the MetS is often referred to as a uniform entity, it is imperative to admit that no single underlying mechanism has been defined, and one may not exist. Hence, the syndrome could range from a cluster of varied components, unrelated to each other, to a constellation of factors linked through a common underlying mechanism. 37 One of the undoubted mechanisms behind the cause of the MetS is insulin resistance. It has been known for decades that insulin resistance plays a central role in the pathophysiological characteristics of MetS, which has led some experts to use the term insulin resistance syndrome. [38] [39] [40] It is possible that IFG is a better marker of insulin resistance and, thus, better associated with all-cause mortality than other components of MetS. 30 Several studies have shown that insulin resistance can increase the cardiovascular risk by increasing inflammation and impairing endothelial function. 39, 41 Nonetheless, a large study with %10 000 patients concluded that fasting plasma glucose >100 mg/dL and/or hypertension were not significantly associated with all-cause mortality; however, the study was limited to patients with non-ST-elevation MI and had limited follow-up. 8 Measurement of glucose levels during stress hyperglycemia, such as an acute coronary event or heart failure, is pathophysiologically different; it may possibly serve as a different marker when compared with fasting glucose obtained during a scheduled non-event-related visit. [42] [43] [44] Acute event-related glucose elevation is driven by a highly complex interplay of counterregulatory hormones, such as catecholamines, growth hormone, cortisol, and cytokines. [45] [46] [47] Although the mechanism seems to be well known, the impact on DM development remains scarce. 44, 48, 49 Furthermore, the impact on long-term mortality among patients with stable CAD is unknown. However, values we obtained in the BIP Registry probably better reflect basal metabolic abnormalities and insulin resistance. Compared with previous studies, the present study has several advantages. First, to the best of our knowledge, this is the first study investigating the relationship between all-cause mortality and components of the MetS; the study includes long-term follow-up in a large cohort and excludes diabetic individuals. The large size of our study, together with the longterm follow-up, which incorporated >208 000 person-years of follow-up, provided adequate statistical power to assess the associations within the currently accepted definition of MetS and its components.
Second, to our knowledge, this is the first study to compare the MetS with IFG component separately, as well as the relation between the IFG and the number of other MetS components with 20-year all-cause mortality outcome in patients with stable CAD.
Attributing the appropriate importance to IFG presence has several practical implications. IFG is easy to detect, and glucose measurements are widely available and inexpensive. Risk stratification as part of secondary prevention efforts should probably better account for IFG and insulin resistance and provide more intensive follow-up of this high-risk population. Furthermore, IFG can be reversible, with a regression to normal glucose regulation and the prevention of the development of DM, 50 and can serve as an important driving force for lifestyle changes. In addition, it is possible that patients with IFG, and especially MetS with IFG, would benefit from more intensive pharmacotherapy, such as targeting lower low-density lipoprotein levels, metformin, and possibly lower blood pressure goals.
Limitations
Our study has several limitations. First, it is a retrospective study that enrolled patients during a period in which different treatments were used for controlling blood glucose, hyperlipidemia, and hypertension. Thus, our results warrant validation in more contemporary populations. Second, it is a retrospective analysis and not all confounders can be accounted for; all possible variables were not measured. Third, we have no data on clinical events and management after the screening period, especially on the development of DM through the years among the study groups or the cause of death. Fourth, all patients who were currently using lipid-modifying drugs were excluded. However, among the components of the MetS, we find hyperglycemia and the HDL level, rather than the low-density lipoprotein level; therefore, we do not think this exclusion would have affected our results. Finally, our data lack waist circumference assessment, which is important for the definition of central obesity as a component of the MetS. However, we replaced this criterion with the BMI >30 kg/m 2 criterion, according to the consensus of the International Diabetes Federation (IDF) criteria and several publications in the field.
Conclusions
IFG is a principle determinant of mortality risk associated with MetS in nondiabetic patients with stable CAD. Presence of IFG is associated with marked increased mortality risk in the presence or absence of MetS. Tighter monitoring and treatment with CAD and IFG can possibly improve important clinical outcomes. Table S1 . Independent all-cause mortality risk predictors in non-diabetic patients with stable CAD. 
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